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(54) [Title of the Invention] EVALUATING METHOD AND EVALUATOR FOR A 
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(57 ) [Abstract] 

[A subject] A subject of the invention is to evaluate a Raman amplifier 
using a small pumping power so as not to give any damage to a coupling 
apparatus such as a connector without spending time and effort. 

[Solving means] A transmission fiber 2 2 of a gain medium is pumped 
by a pumping light from a pumping light source 24 to generate an 
amplified spontaneous scattering light toward in front and the rear 
of the propagation direction of the pumping light. When a forward 
amplified spontaneous scattering light is used, an optical spectrum 
analyzer 2 6 should be disposed in a repeater station 21 in front of 
the transmission fiber 22 to receive the amplified spontaneous 
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scattering light. When a backward amplified spontaneous scattering 
light is used, since elemental components for the evaluation system 
can be disposed in a single repeater station, time and effort for 
evaluation is reduced and therefore the costs for evaluation can be 
reduced. 



2 



(19)B#B#fFfr (JP) 02) & 18 4tF If & ^ (A) (ll)ftSffflfB&38#^ 

#^2002 -250674 
(P2002-250674A) 
(43) &§8 0 ¥/£!4¥ 9 ft 6 B (2002. 9. 6) 



(51) IntCl. 7 
GO 1M 
GO 2F 
HOIS 



11/00 
1/35 
3/00 
3/30 



5 0 1 



F I 

G0 1M 11/00 
G 0 2 F 1/35 
HOIS 3/00 
3/30 



r-vn-r(##) 
T 2G0 8 6 
5 0 1 2K0 0 2 
G 5F 0 7 2 
Z 



§3EK^ »#JB<Z)SC20 OL (£13K) 



(2i)tag## 


#112001 -48643( P2001 -48643) 


(71)ffliaA 


000004226 












¥*£13<P 2 £23 B (2001. 2. 23) 




SDsCf&^f ft ffl KA^HT— T @ 3 # 






























mmmm 










A^K-pftBBEA*Br-TS3#l^ B 














(74)ftSA 


100077481 








# «- (*i£) 











(54) B8SH£>£ift;] 7V>««|g©fFfi5**&5OTf«B 



(57) 

timmyt^ v - -nmig. tu, =i * ^ ^ & a» <n ^^§§ 
sti^weag^i^jtc^ lthu^*5 cfc^^r fciitag 

a. 



(a) 



21 



26 



23 



27 



(b) 




(2) 



#^2002-250674 



mt^^t, mta^ 7 y -r a* cd 7 v ^ 
n&3t 7 y -r sifcms nfcits § asm*© 

SftA-7-^ ffJIE3t7 7-f /tofjeftWWuaa^-r^ 

atEst^yf a-©« 

*8«SUt £ 5^iST5 d t 3 if 1 75M 5 

im&m 8 ] we^ ? r -r A*©a«^-> u*7r^n 

38£^tf H t *!|#a t -T Sff 3 7I>M 6 V>m*>teE 
[»#*9] huEt^t-T /N*©1S^ 1. 3 5^n 
y-fA*, y>t'D»ty7h77'fA- 1 I»f7 7-f 

ggcDl¥«7jS<, 

[&1] 



-±=-g(**.)-f-p-(*„)p r - <*,p r 



A ase «l«Ha*RitaL3tt«ft. A pteStogftfeS. 
p ase a ase ) itmm^mm^Jt^U-. P p «J®jjgft 

g (A ase ) tt?-?>$M{Kft, a 
ase (A ase ) tt««a«HttaL^«fc*W-*JI|jfe«fc, 

75ft£+z) . h«7 p 7>^^, v ase tti«Beai« 

jsjs 5 nm 9 v»-rn^KC«o 5 ^ >mm$£<Dwm 



S§cDfF«=ge«. 



I 



(3) 



4#M20O2-250674 



i 3 ] saeitB a £3t»sfs 

t. WE^rf A©a»t, fiot^-ivtoaaKfc: 
i 5 ] mta^«sis ^ 

-fMTiot, fltrE»J¥lEl»#. fltr8ffiR#«aii7-f 
<t, «(raE3tt7 3"f Acoaat. ffifB*fc:7:j"f A*©«»fc 

dP (X ) r 

± " ; =«(A M yp, [p„ (4 



Eft? r-f A©7V>*ij#fii&x^ hju&tf 77>«| 

fSo 

SIM^l 175M1 5 0t»1"n*»KB«0 5v>i*MBS 
©SMffi^B. 

AtfaboT, A*©a7oy;i/V->i7A^Jjnjgft 
l 9 ] WE^7 r -f ;tcDfflB*>, l . 3 5 9 

D>fuM7 7-f A\ 1. 5 5^D>ifD^-»->7 h 
7rfA\ y>^DM->7h77<A. M7 7^ 

a*, sfctt-c-neoffl^te-errov^nA^Tftsct* 

1 3 75S1 6 V»m*»fcE*0 7V> 
[St#JS 2 0 ] SuEiUP m&ifi* miETt 77-f Aco 7 

7j*I5£ 
[&2] 

+ 2JivAv(w p »+l)l- a^P., (A„ ) 



>4=-P„ (A« )P," V, 



p ase (A ase ) ^Wi^m^A?-, PpteSJjjgft 
A-7-, g (A ase ) tt5V>*iJ»«». a 

ase ^ase ) 

©MSB. 
[0 0 0 1] 



£ m V » Tif Srfr 3 % 7 T -f Aii{f > X ^ A tC ffi 5 V 
[0 0 0 2] 

[S£*©SW] mi (a) , (b) \t, ftyy-f/mm 

1 «i«**-riaT?, hi (a) tt#*ittii!^v>tiffi 
8o«-&$*t0t, 11 (b) im^mmmy^>m 

11l§<Z)«-a-$:^-r0Tfe^) (Y. Emori et ah, "lOOn 
m bandwidth flat gain Raman amplifiers pumped andg 
ain-equal ized by 12-wave length-channel WDM high po 
wer laser diodes " ,Tech. Dig. of OFC, PD1 9, 1999 

mm) . 

[0003] ftftmmm^>mmm<DM%\z\t„ ^ 



(4) 



f# Hfi2002-250674 



1 0 Om*6SckmTab5. 
[0 0 0 4] #tc, gii7r'f/'N*^ffl^fc^S7-7> 

Lfdbt, e^7r-f/N*w«t^mltcem7r-f a* 

[0005] ^mmmmyy^nx'^, fcmyri 

A* 3 My7?>7r-fA* 9 £ft©£BT-5{5!!ig7fcll6 . 

IS7 7-T AcDfiJtfT.^ b)ls&'Ml£-rZ>tclt)(D$i&ni 
If) 7^*4>$iM4rtiC^BSnTV^o 

[0006] -tis.t>%. m<pmmm<D7-?>mmmt. 
mm*, ^mmi, 4 & ^zf&myty? -1^3 \z$ttitf 
? hiimmz, ifffift^©ein mm) m^nx^n 

[0 0 0 7] 0 211 t£*©^V>ttffiSMm»|g2 
M5;^ti"t? (huI2##3S:^#{!1) , ZLtllZ&tii&m 

G=: ^sout — in 

[0014] x^-mnz* 

[0 0 15] -77, ^§§1 3^<DX7jmi&ytnv-%: 
P pout . 3fr<b<D&t>W)&ytnv-*F vxxl b. 

[0 0 16] 
[&5] 

Ppin^ ^pout ~ ^c, p (3) 
[0 0 17] ©M«^&£<, W#G^e»77-f/« 

G intnl = G + L f 
[0 0 19] T#*.<~>*13„ S!)S7 l d;&Jr«Ci3t-T«)7T-f 
A* © £ k mi£&T L e f f £ T -5> <h , 
[0 0 2 0] 
[3SC7] 

[0 0 2 1] «fcfc<5. fcfe'U a p ttl/km»M 



fc#, *ijf#7^:7 h;K7D^^14^*SJ}<$n«,«fflfC*3 

[0 0 0 8] 0 2fc4i»rvna. ffimoAc«6®S5t&S*i 

1, A 2, A3, A4£WU <B> ©fsbST'd; 

1 iT-&i6$n-5. ±j&bfcb— tfkt«ffi7j© ! fe©xa& 

[0009] H3tt, mtwmx^? b)v<DW-mysm 

*J:JX7;^UXA*lftWrsfc*cDBI-C, 6£*©^v 
tf^St^T^A^ttM^T-'f Al 2T*[/T»5. W) 

&%m 6 cDiae^«-&&gg 5 xm^e t^»sn, 
is^sgi 3^iLiMK77^;n 2tcA*fr^». m 

& 2 a» 6 ©fiMlftfi, 7r-f/U2t« 
1 3 i^&§§ 5 t^^ETTtX^TT" 7 A«t?.. 
[0 0 10] £ £Xi£-&§g 1 3^e>7tX^T7-7STO 
fi^7ta^*L c s . *S-&§§1 3co©e7ta**L c p <i: 

ScifW^r-f A*l 2'\©A77{f-^7fcA'7 — £P 
siir 7tX^T7 l -7r§7tbfcm^7 l dA'7-?rP S0Ut(m 

[0 0 11] 
[R3] 

^ , sout = ^ > sout,m — ^-c, s ^ ^ 

[0 0 12] ©H«j&«*S. fiJWGtt 

[0 0 13] 

[R4] 

(2) 

( L f b fcfiJ»*rta5fiJ» (G i ntnl tV$JZZ\ t. \Z 

T£o 77-f/«L [ tt77^;\'©«*Stat77 

f , a, LCD^ittdB, dB/km, kmtibS. £ 
Oit, dB*fi<Ort»fiJ#G inln itt. 

[0 0 18] 

[»6] 

(4) 

*«»T»-6. dB/km/WJ*{fc©fiJ#fiy8:gtt, 
[0 0 2 2] 
[&8] 

g = G intnl/ < p pin* L eff> < 6 > 

[0 0 2 3] T?#^f>n-&. 

[0024] iabfcfijwffRgs-^Asjas^ 1 ?- 



(5) 



#112002-250674 



bo mr^v mmzmm%.tw&m&ib&z>. 
[0025] ^ -?>mmm<Dm&&mi'7,'Ti±^<Dmm 

7b)Ug (A) %&#>2»&g:tf&Z>f)K ^n««-&*^ 

[0 0 2 6] ±)2l!L^rtgl5?iJ#G intnl tt/hm^fiJ#T 
*«^m^fefiI!>igB#©*lJ#tt, fl^ft* 

<^i^Tti> (H. Kidorf et al., "Pump interacti 
ons in a lOOnm bandwidth Raman amplifier" , IEEE P 
hotn. Technol. Lett., Vol. II, No. 5, pp. 530-532, 

1999 #fig) . LfcA^i. mnteSk*^? Y)V*m*> 
nn«. tt*©5v>ia«»iMiMM*K:fctt*«»sj|E 

[0 0 2 7] 

tt, $fil (b) KjSU&*fJ*«£!7V>i«|B8© 

m& \z «, as- 9 v >«Mi«©*ij»#«**#Kf Kit** 

^»j&*ESti5 ft 0. zBtetc 

■*nt*nii30««»**fc»iMB3 x btm^ii ^y 

Sfc, Ell (a) K*bfc^*«S!5v>li 
««©«•&£«. ±i£Lfc$oft»;:in*.T, 1^2 00 

ftfr&rctbwm^x & ess < & s <t n -5 kj**** 

[0 0 2 8] $5>{C, H2fc*bfc*ifcBJaje3te«£Jfl 
fc. Sit, jpJ»«R7r-fAKifisa*OS!ifi^SX»a 

■frs^s*** o . mimnyr -r a* t jae^jfioiwroiie 

£ftV>. 

[0 0 2 9] *mwit. £©J;3fcflHBK«*T&Sn 
7ct>©T, -t©Bfl?ji:-r*i:;i3tt» N£CtirM£¥NI 
£> ft V* J; p fr , /Jn £ ftS&Sft A" <7 — TiBOS nJtl t. 
L, 3***fc£©te£m:»iS*#*&^J:"5fcl.fc 

[0 0 3 0] 



<h£#gi:£-r£ &©-?£&, ftfc. ffltJfcJR 1 fcfB«©fi! 
■JHB:, 04, 5, 6, 7, l 2tc^L;t^MWrMfErr 

[0 0 3 1] »*«2Kaa*©fS"«tt, »5t<JSl 

iztm<D^m\z^T. mt^^ytmrn^y^y hju 

JtifcfiKisW-aSfcflMftt, HtfH7t7r-f/\*©a«<h, 

©ffl^fltsffl^TfTfto^tswat-rat)©-?**. 

ft*3, W5RJJ2 (ClBttro^B^tt, El 4, 5, 6. 7. 1 
[0 0 3 2] £7c, »*«3^aE*©«Wfi. W*flil 

fc'5c:<t:i£«ra<fc-rs'b©T*s. ftis, f»3fcJS 3 icfB 
«©fgBj«. 0 6, 10, l i\zmLtz.&ffiM\zM)&-? 
^>*)©-ea&-5„ 

[0033] sfc, i»5t<JS4fcfB*g©%Bj« > m^mi 
miiB^ 77-r noist , v&t y r-i nommzi&vtc. 

Z&mtfZbCD-C&Zo ft*3, j»*«4fc85*©*W 
II 16, 10, 1 lC5RLfc£i6W-»jfcrrS'fe©T 

[0 0 3 4] £7c, f»5)<J15fcs2«©%B^«. »5(c3l4 
KaJtWS^^-t. mflB5t7 7-fA©mrf2$fe#^S 



(6) 



2002-250674 



10, 11 (C^LfcHM^JtC^-r-SfcWTfe-g). 

[0 0 3 5] m&meiztmvmwi*. m&mi 

[0 0 3 6] 8»*E7KlE*©38iJlitt. f»*^3 

75S6 fr»rn*»fcB«0«Wlc*^»T, mJEft7 y-f A 

[0037] &rz. m&m8\zmwi<D5£wit, m*m3 

± ' iP -, (A " ) =« (A„ V, [P. ) + 



[0038] m*m9iztm<»5£wit. m&m3 

1. 3 5?n>m»7 7'f A\ 1. 55 
i7P>ifP^«C->7 h7y<A\ 7 >-tfO$HRv7 H7 

[0 0 3 9] WsfcJKl OKEIROSSiJHtt. 

A*©7V>fiJ»^|S:x^i' h;kRtf7V>fij#7x^7 h 

[0 0 4 0] 
[»9] 



dz 

[0 0 4 1] <3§l3££5a©«*t±fci:, ±z^fce« 
[0 0 4 2] &*s, A ase «ti*iS^«SL7t;?SS, Aptt 

ajgft&A, p ase (A ase > tt«i«g«5«ia3t/i«7-, 

PpttJafi3tA , 7-. g U ase ) tt77>«M, a 
ase (A ase> tt««S^«SU6«*fc*SW-*»*«». 

sut<BH»». z «7 7-rAtti^ftsggt (®jS3t©e» 

SLTt^S^. N ph te7x b-7x->7 hJiaftf!Sctt£;tt&7 
[0 0 4 3] 3=fc, f»*Jl 1 1 KE*W>fB9§tt, f'J»« 

«T*s3t7y-f/N*t, B3t77-f nzmmtzmigft 

ftSLftCDSftA?-*^ h;i/tHuE^7y-f A©Jt^ 

«&7.^ bfrt&m^T, 7-?>%mm®;z^i7 bfr 

[0 0 4 4] ^fc, 1 2 KE*©58Wtt, 

&MWl&ft<D&ytrty-X'<? N^i, h9bB^£7 y 'f A* 
C9fit@f^fii:fecj-5I*M<!:. mzytyr-f a© 
mmt. KJE7yf A©SB»KJtSUfc7V>fiJ»«j»c^, 

RtX5v>^#7>^i7 Mu**tti-r* lit 

fc©T&-2>. 

[0 0 4 5] * fc, HfcftB 1 3 KE*©«9§tt. 

1 1CE«0«WC*V»T. w«H»«e«s«sufr*s 



g&fSfcSUfcWgftA^-t, M£3t7y-f 

7,^b)it. m&yt7 7'fAoiat. 8^77^^ 

[0 0 4 6] £fc, ft*JSl4l:gi0»|(l 
1 lfc:E*©ffi9JfcisnT. jKrE«HBa«S«SL3tr«S 

fllE*#iaJ&a*, WE#«SiS7^;i/^SrS 

jgufc, i»Efi!iiBsnfc>fe7r-f/w&iftui-r««fia 
«sfaL*oa3t/t«7-t. «rtE*77</\'ffla*«tx 

[0 0 4 7] Sfc, »#m5fcE*©«Wi» ffif*£ 

1 4fcE*©3BW::45HT, WE»^SiS7^r;u^^ 

7 y -r m%88$sw.mm 7 ^ ©siiiSft \z& w 

ti^^ci, S(iE7 , e7y'f A*©«g|£, WE*7r-f/t 
^T, ME^7y-Y A©^v>fiJ#^7^7 

[0 0 4 8] 1 6 (CE«c©^BJtt. f»*3K 

1 175M1 5©V>-rn*^CEf6»5£WfCfcHT, ME® 



(7) 



#112002-250674 



(0 0 4 9] s&, m&m 1 7 tcaaftojfiwtt, 

©Tab -5 Z\ <h Srttmt-r^) 
[0 0 5 0] Sfc, »#Jgl 8 fcB«©52WH:. fj|#]g 
1 37551 6 ^ma^E«©5&WC:j3l^T, HufB3t7 

St>©T&So 
[0 0 5 1] Sfc. SfJfcJHl 9fcB«©«Wi, 
1 37151 6t»-rn*^-E*0«WK*V>T, jWffift:7 

± ^ A -> = g (A., )P„ [p_ ) 



i. 55?n>-tfD»ty7h77-fn, yy^uftm 

[0 0 5 2] »«JR2 0fcSa*©389§W:. fjf^jjj 

1 5 7551 9 V»-rn*»fc8E«©»MK:4JV»T, flMB%£ 

s&©-t?&ot, j^Tcoai£7jes; 

[0 0 5 3] 
[«1 0] 

2/» v A v(a^ + 1)]- n„P M (4„ ) 



[0 0 5 4] (IlS;£a©I§±H ±z7jl^(ce^ 

[0 0 5 5] A ase «iillg^Sta7 , efeS. A p « 

ISjjgftStS, P ase ( A ase> «« l tli^fSL^A>7-, 
PpttBSjE^ 1 ?-. g U ase > tt5v>ifflWMft. a 
ase <*ase> tt*fiB^f80£»fifc#tt*»*«», 

[0 0 5 6] 

[llilM]04 (a) , (b) a. *mw<D7^>m 

#«iS77>*B80«^*Sl/T^5. 04 (a) 

a «s«a3t*fflv»*»^T, isi 4 (b> *«hu 
ei77-fA2 2 mmytm 24^ s ©sfteTtfS!)® 
*«trm*t-«*s«s«sut*iS[m-rs. 04 (a) © 

££,»3§2 5©&7j (fil7 7-f AOTS^fi'J) »CK« 

[0 0 5 7] -7j, B4 (b) ©itfj;£it^!§^f!fSL7fc£ 
fflt^SW^Kte, 7£X^77"2 6^I77<A'2 2 CO 

sot?, mm<D^m • mmti^f£<xm^ wm^^h 
[0 0 5 8] i4T*(l ^-rsm^7toejR7jiR]{'*f 



lt^*a«, KiS7toe*»77rfij^«^w€ 

tm-rz>>b<D£zt-t£-&i,i±.m vtcm&tmmo z. 

mm-r&jjtii • T)U3>jx&\zz>^Titmm-rz 0 
[0059] m 2 mm&n m 5 (a) , <t>> «, *?g 

BJ3© 5 V >igffig§ffffi^COm 2 *iS0iJ£^T#lfijc;0T, 

So hi 5 (a) ^^ffie^nRajtesfflv^**^-?. 
is (b) *tm^*«g^*ajtt*fflv»*»^T?»s. 

So El 5 (a) ©«;£i»«ea8«Sl3te£fflV>**^K: 
tt, ft.7.7i-2 6£^«§§2 5©^7j (57>77-f^ 

SL7t^S7t1-S. 

[0 0 6 0] -77, 05 (b) ©ffldfriefiSaSIRSUteS: 
ffl^S*-€r!Ctt, 7tX^7t2 6?:7-7>77l'A*2 8 
©M7jKIS@UT^g^ffcSL7££§7£TSo fc*, § 
7t L Aciiffi S ^«tSL^/1 7 - r A*-vco A^S6 

jUzf U XA fco V tt^izET S . 
[0 0 6 1] [m3*iSW]06 (a) , (b) tt, 
00 5 v >itfi^l?ffi^co^ 3 *lfi^ ^*t«/jEiT. 

sfc*co0Tab-5o 06 (a) tfytx^yj-zm^Tcm 

£T% 06 (b) *iH^»^®7^;^*fflV^c*-& 



(8) 



t#KJ 2002-250674 



[oo62] mmmMT'$>z>&Mj£K7 r-r a- 2 9 m 

-fA*2 9£tB*M^ -&ZS§§2 5?riiifiUT7tX^7'-t2 

[0063] — 06 (b) <Dmi£3i$.m.my j 

77^A2 9*ti)Mi, £i£S§2 5tSjeflf«»l7W 
SSrajiLTSTtgiS 2l:A»1-5„ ^|g3 0 

i^ifeg§2 5fe«ktffilffiW«aii7-f 3 3<Difi|sg 

«ttaj£fc*frs*fc£L c>ase £-r*. 

[0 0 6 4] *WJ©t7r-f A2 9*»6U«tLfcJi«e 
7t§§3 2 (CAWLfc«fiS^«cSL7t/^-*P as e, in^ 



T&o fc«U -t-*lSP asei0Ut *J«fc«P ase>in tt, ft 
X-^T^-2 6*5cfctf§ft§§3 2S:fflVifc»-&{C*fLT. 

iS?^ Jk? 3 3©aififfl ; «l!i&D©/t , 7— TfcSit 

So ^-w^x^7^-2 6 <Dftmm&i*&*.zmfemmm. 
-r. z. <Dwm% t»j©«i5£*i?w« ufcuie^jftft a p 

tt, OTDR£B*&&3W£J8tvtanrcf?«. fefi 
A ase tC*5tj-SW#«»S:g(A ase ) . *Jtt3t7T'f/t 
tpTcDl«(iS^«CSUeAy-€rP ase (A ase ) , Sbigft 

[0 0 6 5] ltBa^HRfajt/^ 1 ?— P ase (A ase ) 4s«k 
[0 0 6 6] 

[Rl 1] 



[0 0 6 7] tm^nZo fc«U h«7'7>?m 

v ase tt«MBa«nttsuta»». n pIi «a i — ^x->7 

[0 0 6 8] 

mi 2] 

N "~ exp[h(v~ v^)/kT\-l (7C) 
[0 0 6 9] £^£tl&o itfcX, k«#;PU/V>^ 

[0 0 7 0] ±JBbfce«*e*«)jgSr^S^tt, JtNR 

i^«tSL7t/w-p ase (A ase ) ^ct^mg^/^-p 

p K »T *WflB* * S P as e f 0 u t 

^ G intnl^ 
[0 0 7 1] 

[tl3] 

G intnl=/e* p pin* L eff < 8 > 
[0 0 7 2] t*»5it*JTt4. 
[0 0 7 3] liiLfc^-T^JUA'ACiot, HI 

6 (a) (Dm&m&m^T. m'&m&x^z h;n&#«& 

-f AK^jSrtg&^V^iJW^g&X^ h;i/*H8K:7S 



A* (SMF) , ^LU%^7 7 -i n (DSF) . i5<J;tf# 
iii77-fnTS5. jaSftifcRttl-4 6 5 nmT* 

[0 0 7 4] -73. 06 (b) fcatUfcfMBRTtt, 0 

[0 0 7 5] m6 (b) fcjSLfcJHB^Ttt, 7V>flJ 
SfcgO fl&©ifcft<Dtett. ^cog o i±82K*nco 

T. ^©X^ hM«(iy'J*7 7^ ACDGegsJPS 
£Tib5^i^^ 0 — 7j. 7H 

[0 0 7 6] 06 (a) (C*L-fcW«lST'«^X^7^- 
*/BH, 06 (b) te«LfcWffli3RTttB3eW«aii7 
<h§ft#§ (7* h^-f*— SJB^T^* 



(9) 



4# HI 2002-250674 



fc*. -jswc. ei 6 (b) \z7jkisrzWffi%<D%tf'm 
•temx-hZ). &tz, m& (to \ZTnvtzMumza^ 
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-«««v>fc»v fi]»«Sc«ft£«H;:£a&:7 r -f Aa§&©n* 
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